The purpose of the present investigation was to examine the association between circadian rhythms of cortisol and physical and relational aggression. Morning arrival, prelunch, and afternoon predeparture salivary cortisol were assessed among 418 maltreated and nonmaltreated children (52% maltreated; 49% female) attending a summer day camp. Counselors and peers rated participants' involvement in physically and relationally aggressive behaviors. Results indicated that physical aggression was associated with heightened cortisol following morning arrival and relatively steep declines in cortisol over the day, whereas relational aggression was associated with low cortisol following morning arrival and blunted diurnal change in cortisol. Moreover, maltreatment was a significant moderator of this relationship such that aggression was related to greater cortisol dysregulation among nonmaltreated than among maltreated children. The findings suggest that physiological correlates of aggression may differ for physical and relational forms of aggression and among maltreated versus nonmaltreated populations.
Involvement in aggressive and antisocial behavior is associated with a host of problems for children and adolescents, including rejection by peers, internalizing symptoms, and academic difficulties (e.g., Buhs, Ladd, & Herald, 2006; Crick, 1996; Farmer et al., 2003; Murray-Close, Ostrov, & Crick, 2007) . Mounting evidence suggests that a number of biological processes, including resting heart rate, heart rate variability, blood pressure, and skin conductance are implicated in the development of aggressive and antisocial behavior (e.g., Kibler, Prosser, & Ma, 2004; Scarpa, Fikretoglu, & Luscher, 2000; Scarpa & Raine, 1997; Susman, 2006) . Researchers have extended studies assessing biological underpinnings of aggression to examine the role of the stress hormone cortisol (e.g., McBurnett, Lahey, Rathouz, & Loeber, 2000) . However, existing research investigating the relation between cortisol and aggression is limited in three important ways. First, most work in this area has examined the association between aggression and resting cortisol at one assessment period rather than diurnal change in cortisol. Second, research has focused on forms of aggression more typical of males (i.e., physical aggression) to the exclusion of aggressive behaviors more common among females (i.e., relational aggression; Crick et al., 1999) . Third, many studies have failed to examine potential moderators of the association between cortisol and aggression, including gender and maltreatment. The purpose of the present study was to address these gaps in the extant literature by examining the association between diurnal change in cortisol and both physical and relational aggression. In addition, the moderating roles of child maltreatment and gender in this relation were assessed.
Cortisol is a major human stress hormone that indexes hypothalamic-pituitary-adrenal (HPA) axis activity. Typical diurnal rhythm manifests a peak in cortisol levels half an hour after waking followed by a gradual decrease throughout the day. The neural systems responsible for orchestrating stress responses are plastic, and one manifestation of this is the accompanied developmental changes in basal HPA activity and cortisol reactivity throughout childhood (Gunnar & Donzella, 2001 ). In addition, there is an increase in basal cortisol levels from childhood through adolescence in typically developing children (as reviewed by Klimes-Dougan, Hastings, Granger, Usher, & Zahn-Waxler, 2001 ).
Some researchers have suggested that low basal cortisol will be associated with heightened involvement in aggression and antisocial behavior (e.g., Oosterlaan, Geurts, Knol, & Sergeant, 2005; Shoal, Giancola, & Kirillova, 2003) . These predictions are based on two related theories that both suggest that physiological underarousal contributes to the development of antisocial conduct. From a stimulation-seeking theory perspective, chronic underarousal is experienced as an aversive physiological state that predisposes individuals to involvement in antisocial behavior (Coren, 1999; Quay, 1965; Raine, 2002) . In effect, behaviors such as aggression or assault may provide underaroused individuals with stimulation that increases their arousal to more comfortable levels. In contrast, fearlessness theory proposes that underarousal reflects low levels of fear (Raine, 2002) . Fearlessness, in turn, is associated with aggressive or antisocial conduct because it lowers one's inhibitions regarding involvement in behaviors such as fighting (Kindlon et al., 1995; Raine, 2002) . In addition, fearlessness may indirectly lead to aggressive conduct through interference with conscience development (Frick & Morris, 2004) . Although both stimulationseeking theory and fearlessness theory emerged from studies assessing autonomic indices of arousal such as heart rate and skin conductance (see Scarpa & Raine, 1997) , they have recently been applied to studies exploring the relation between cortisol and aggression (Klimes-Dougan et al., 2001; Loney et al., 2006; Oosterlaan et al., 2005; Shoal et al., 2003; Van de Wiel, van Goozen, Matthys, Snoek, & van Engeland, 2004) . Moreover, consistent with both perspectives, preliminary work suggests that low cortisol is associated with elevated sensation seeking (Rosenblitt, Soler, Johnson, & Quadagno, 2002) and impaired fear reactivity (Kagan, Reznick, & Snidman, 1988) .
A number of studies have provided support for the hypothesis that low resting cortisol is related to heightened aggression. In animal studies, both low concentrations and low variability of corticosterone have been implicated in aggression (Halász, Liposits, Kruk, & Haller, 2002; Haller, Halász, Mikics, & Kruk, 2004; Haller, van de Schraaf, & Kruk, 2001) . Available human studies have found that low levels of cortisol are related to antisocial and aggressive behavior in adults (Virkkunen, 1985; Woodman, Hinton, & O'Neill, 1978) , adolescents (Pajer, Gardner, Rubin, Perel, & Neal, 2001; Shoal et al., 2003) , and children (McBurnett et al., 2000; Van Goozen et al., 1998) . Moreover, low basal cortisol appears to be associated with aggressive behaviors in particular rather than problem behaviors such as delinquency (McBurnett et al., 2000; Oosterlaan et al., 2005; Pajer et al., 2001) , and longitudinal work suggests that low cortisol predicts future involvement in aggression (Shoal et al., 2003) . However, several investigations did not find such associations between cortisol and aggression (Azar et al., 2004; Cashdan, 2003; Klimes-Dougan et al., 2001; Scerbo & Kolko, 1994; Schulz, Halperin, Newcorn, Sharma, & Gabriel, 1997) , perhaps reflecting limitations and methodological differences across studies.
An important limitation of research assessing the relation between basal cortisol and aggression is that most studies fail to examine the association between aggression and change in cortisol over the day (Popma et al., 2007; Van Goozen, Fairchild, Snoek, & Harold, 2007) . In addition to differences in basal cortisol levels at one assessment period, aggressive children and adolescents may exhibit different patterns of change in cortisol when compared with their nonaggressive peers. For example, aggressive children may exhibit low cortisol in the morning, blunted change in cortisol over the day, or both. In other words, cortisol dysregulation among aggressive children may reflect a number of distinct factors, and limited research is currently available to address which aspects of the circadian rhythm are atypical among aggressive children. In addition, cortisol may be more strongly related to aggression during specific periods of the diurnal rhythm, and inconsistent findings across studies might reflect differences in sampling times (Van Goozen et al., 2007) . Thus, the first goal of the present study was to assess the association between aggression and trajectories of cortisol over the day.
In fact, research has provided evidence that dysregulation of the diurnal rhythm of cortisol is associated with a number of problems; for example, a flattened cortisol circadian rhythm has been found in individuals with high levels of contextual risk (e.g., child physical abuse, low socioeconomic status), internalizing symptoms, and stressrelated physical disorders (e.g., fibromyalgia; Akil et al., 1993; Gunnar & Vazquez, 2001; Klimes-Dougan et al., 2001) . To date, little research has examined the association between aggression and diurnal change in cortisol; however, preliminary work suggests that this is an important avenue for additional research. For example, one study found that children with psychiatric symptoms (including conduct problems) exhibited elevated evening cortisol but similar morning and afternoon levels when compared with their peers (Gustafsson, Gustafsson, & Nelson, 2006) . In another study, nonmaltreated boys with externalizing problems exhibited a relatively flat change in cortisol from morning to afternoon (Cicchetti & Rogosch, 2001b) . Finally, in a study of preschool and school-aged children in full-day group care settings, aggressive children exhibited greater increases in cortisol over the day than their nonaggressive peers (Dettling, Gunnar, & Donzella, 1999) . On the basis of evidence suggesting that aggression is associated with low cortisol (McBurnett et al., 2000; Van Goozen et al., 1998) , we expected that aggression would predict relatively low levels of morning cortisol. However, we also hypothesized that aggression would be associated with dysregulation of diurnal change in cortisol over the day, with aggressive children exhibiting a flattened circadian rhythm.
A second limitation of work in this area is that most studies have focused on forms of aggression typical in males (i.e., physical aggression) to the exclusion of types of aggression common among females (i.e., relational aggression). Whereas physical aggression is defined as behaviors that harm others through damage to one's physical well-being, relational aggression includes behaviors that harm others through damage to relationships or feelings of acceptance, friendship, or group inclusion (e.g., rumor spreading, giving another child the "silent treatment"; Crick & Grotpeter, 1995; Crick et al., 1999; Tomada & Schneider, 1997 ; for discussion regarding related constructs such as indirect or social aggression, see Bjorkqvist, Lagerspetz, & Kaukianen, 1992; Galen & Underwood, 1997) . Although there is substantial overlap between physical and relational aggression (correlations generally range from .50 to .75; e.g., Crick, 1996 Crick, , 1997 Crick & Grotpeter, 1995) , factors analyses have provided evidence that physical and relational aggression are distinct constructs (e.g., Crick, 1996; Crick & Grotpeter, 1995) . Furthermore, each form of aggression provides unique information regarding children's adjustment (Crick, 1996; Crick & Grotpeter, 1995) . Studies assessing relational aggression in addition to physical aggression have provided evidence that girls are more relationally aggressive than boys (Crick & Grotpeter, 1995; Crick et al., 1999; Hawley, 2003; Ostrov & Keating, 2004; Tomada & Schneider, 1997; Xie, Farmer, & Cairns, 2003 ; although see Henington, Hughes, Cavell, & Thompson, 1998) . Thus, an exclusive focus on physical aggression may lead researchers to overlook troubled girls (Crick & Grotpeter, 1995; Crick & Zahn-Waxler, 2003) . To gain a gender-balanced understanding of the association between cortisol activity and aggressive behavior, it is important that studies include measures of relational as well as physical aggression.
Given the theoretical explanations regarding why cortisol is associated with aggressive conduct, there is reason to expect that hypocortisol would be related to relational as well as physical aggression. For example, involvement in rumor spreading or gossip may, like physically aggressive conduct, serve as a relatively stimulating experience. Individuals who experience an aversive state of chronic underarousal may engage in such behaviors as a means of increasing their physiological activity to more comfortable levels. In addition, reduced levels of fear may facilitate children's relationally aggressive conduct because fearless children may be relatively unconcerned by possible retaliation. To date, little research has examined the association between relational aggression and cortisol. However, preliminary work suggests that relational aggression is associated with a flattened diurnal change in cortisol, particularly among girls (Blades & Susman, 2007) . In another study, relational aggression was associated with larger increases in cortisol over the day among young children in group child care than was physical aggression (Dettling et al., 1999) . In both studies, then, relational aggression was associated with a failure to exhibit the typical diurnal decrease in cortisol over the day. In the present study, we expected that relational aggression would be associated with a blunted diurnal change in cortisol.
Research examining the association between aggression and neuroendocrine functioning is further complicated by scant attention to potential gender differences in this area. Many studies have included only boys as participants (e.g., McBurnett et al., 2000; Van de Wiel et al., 2004) , although preliminary work suggests that low cortisol is associated with aggression and antisocial behavior among girls as well as boys (Pajer et al., 2001 (Pajer et al., , 2006 . However, studies that have included girls have often failed to examine whether gender moderates the association between cortisol and aggressive conduct (e.g., Oosterlaan et al., 2005) . It is possible that cortisol dysregulation promotes aggressive conduct in both boys and girls, but at-risk children employ aggressive behaviors that are relatively typical of their gender (i.e., physical aggression for boys and relational aggression for girls; Crick & Grotpeter, 1995) . Although the findings are mixed (Dettling et al., 1999) , some work suggests that blunted diurnal cortisol is more strongly related to externalizing symptoms in boys (Cicchetti & Rogosch, 2001b) and relational aggression in girls (Blades & Susman, 2007) . Given the limited research in this area, the second goal of the present study was to investigate whether the association between cortisol dysregulation and physical and relational aggression varies by gender.
A final limitation of most work is a failure to assess the moderating role of contextual risk, such as child maltreatment, in the association between cortisol dysregulation and aggression. In fact, researchers have recently emphasized the importance of examining the interaction between psychosocial and biological processes in the development and maintenance of aggression (Raine, 2002; Raine, Reynolds, Venables, & Mednick, 1997) . Two different hypotheses regarding the moderating role of maltreatment in the relation between aggression and cortisol have been offered. On the one hand, the dysregulation of cortisol among aggressive children may be more pronounced among maltreated children (Cicchetti & Rogosch, 2001a , 2001b . Consistent with the perspective that maltreated children will exhibit a stronger relation between cortisol and psychopathology, some researchers have found an association between lower morning cortisol (Hart, Gunnar, & Cicchetti, 1996) and a blunted decrease in cortisol over the day (Cicchetti & Rogosch, 2001b; Hart et al., 1996) and internalizing symptoms among maltreated children only. In other research, the combination of heightened cortisol reactivity to provocation and experiences of victimization (physical abuse and community violence exposure) was associated with particularly high levels of aggression (Scarpa & Ollendick, 2003; Scarpa et al., 1999 , as cited in Raine, 2002 .
Alternatively, the association between cortisol dysregulation and aggression may be most pronounced among nonmaltreated children. This hypothesis is consistent with the social push perspective, in which biological correlates of aggression will be most influential among individuals from relatively benign backgrounds (Raine, 2002) . In effect, biological factors may be more important contributors to involvement in aggressive behaviors among children who do not have a strong social push toward such conduct (Raine, 2002; Raine & Venables, 1981) . Consistent with this perspective, a number of studies have demonstrated that psychophysiological factors such as low resting heart rate, low skin conductance, and heart rate variability are more strongly related to aggression and antisocial behavior among individuals who have not been victims of violence (Scarpa et al., 1999 , as cited in Raine, 2002 and who are from higher social classes (Raine, Reynolds, Venables, & Mednick, 1997; Raine & Venables, 1981 , 1984 . Thus, it is possible that diurnal change in cortisol will be most strongly related to aggression in nonmaltreated children.
At present, little research is available to address whether diurnal cortisol will be most strongly associated with aggression among maltreated or nonmaltreated children. Preliminary work assessing the moderating role of contextual risk in the relation between cortisol and aggression has focused on cortisol reactivity rather than basal cortisol levels (e.g., Scarpa & Ollendick, 2003) , and findings from this research may not be relevant to studies of basal cortisol levels because the relation between aggression and underarousal may reflect different processes than those involved in the association between aggression and physiological reactivity (Scarpa & Raine, 1997) . One study, however, provides evidence in support of the social push perspective; specifically, Cicchetti and Rogosch (2001b) found that for boys, externalizing symptoms were associated with lower morning cortisol and a blunted decrease in cortisol from morning to afternoon among nonmaltreated but not maltreated boys. It is important to note that all children in this study were high risk (e.g., low socioeconomic status) and thus had a strong social push toward aggressive conduct. Nonetheless, given research suggesting that maltreatment is an important predictor of aggressive behavior (e.g., Cullerton-Sen et al., in press; Manly, Cicchetti, & Barnett, 1994; Shields & Cicchetti, 2001; Teisl & Cicchetti, 2008) , it is possible that the social push toward aggression was particularly strong among the maltreated participants. Thus, even among high-risk samples, physiological correlates of aggression may be stronger among participants with fewer environmental and social risk factors. To further explore the possibility, the third goal of the present study was to examine whether maltreatment moderated the relation between cortisol dysregulation and aggression in a high-risk sample. We expected that the relation between aggression and the circadian rhythm of cortisol would be stronger among nonmaltreated than among maltreated children.
In sum, there has been a relative lack of systematic research investigating the biological correlates of specific forms of aggressive behaviors (particularly scarce are studies including nonphysical forms of aggression). The current study explored the relations among ambulatory salivary cortisol levels, physical aggression, relational aggression, and the moderating role of gender and maltreatment. On the basis of prior research indicating an association between aggression and neuroendocrine functioning (e.g., Blades & Susman, 2007; Cicchetti & Rogosch, 2001b; Dettling et al., 1999; McBurnett et al., 2000; Van Goozen et al., 1998) , we predicted that high levels of both physical and relational aggression in childhood would be associated with lower morning cortisol and blunted change in cortisol over the day as compared with low levels of aggression. Moreover, on the basis of the social push perspective (Raine, 2002) , we expected that this association would be strongest among nonmaltreated children. Finally, we examined whether gender moderated the association between cortisol dysregulation and physical and relational aggression.
Method

Participants
A total of 418 children from a day camp for low-income, inner-city children participated in the present study. None of the participants had attended the camp in previous years. Participants included 219 maltreated children (91 girls and 128 boys) and 199 nonmaltreated children (109 girls and 90 boys). Participants ranged in age from 6 to 12 years. Fifty-five percent of participants were African American, 16.5% were Caucasian, 12% were Latino, 13.6% were biracial, and 2.9% were from other ethnic backgrounds.
Prior to enrolling in the study, mothers of both maltreated and nonmaltreated children provided written consent to allow trained project staff to examine any existing Department of Social Services (DSS) records. All maltreated children in the present study had a documented history of family maltreatment with Child Protection and Preventive Services at the DSS resulting in services through the agency, and the sample was representative of children in families receiving services from DSS. On the basis of the descriptions of maltreatment in the DSS records, the presence of sexual abuse, physical abuse, neglect, and/or emotional maltreatment in each family was assessed by trained doctoral students in clinical psychology using criteria outlined by Barnett, Manly, and Cicchetti (1993) . Maltreated children were then assigned a primary maltreatment subtype according to the hierarchy identified by Manly et al. (1994) . This hierarchy reflects the extent to which each subtype of abuse violates social norms, with sexual abuse, physical abuse, neglect, and emotional maltreatment, respectively, considered the most severe to least severe violation of social standards. Thus, for example, children who experienced sexual abuse were classified as sexually abused regardless of whether other forms of abuse were present. In the present study, 17 (8%; 3 girls and 14 boys) of the maltreated children were classified as emotionally maltreated, 77 (36%; 38 girls and 39 boys) were classified as neglected, 86 (41%; 31 girls and 55 boys) were classified as physically abused, and 31 (15%; 16 girls and 15 boys) were classified as sexually abused. The DSS information was not complete enough to code the subtype of maltreatment for 8 of the maltreated participants.
Demographically comparable nonmaltreated children were recruited from families receiving Temporary Assistance for Needy Families. DSS records were examined to confirm the absence of a history of maltreatment in these families. Mothers of children in the nonmaltreated group were also interviewed to verify a lack of maltreatment and involvement of DSS. Maltreated and nonmaltreated children did not differ in a number of demographic variables, including age (M ϭ 9.88, SD ϭ 1.75, vs. M ϭ 9.99, SD ϭ 1.85, respectively), t(416) ϭ -0.62, ns; total family income (in thousands of dollars; M ϭ 23.52, SD ϭ 14.39, vs. M ϭ 24.84, SD ϭ 12.92), t(398) ϭ 0.95, ns; or percentage of families receiving public assistance (82% vs. 80% of families, respectively), 2 (1, N ϭ 402) ϭ 0.35, ns. The marital status of the maltreated and nonmaltreated families also did not differ, 2 (2, N ϭ 404) ϭ 1.90, ns. For the maltreatment and nonmaltreated groups, respectively, 34% versus 39% of mothers were single, 48% versus 47% were married or living with a partner, and 18% versus 13% were no longer married. Thus, both the maltreated and the nonmaltreated participants were characterized by low family income, high need for public assistance, and high levels of single parenting. In addition, race (Caucasian vs. minority) was not associated with maltreatment, 2 (1, N ϭ 418) ϭ 2.38, ns. However, maltreated and nonmaltreated groups did differ in gender. There were more boys than girls in the maltreated sample (58.4% of maltreated participants vs. 45.2% of nonmaltreated participants were male), 2 (1, N ϭ 418) ϭ 7.30, p Ͻ .01.
Design and Procedure
In 2003 and 2004, parents were approached and asked whether they would be willing to allow their child to participate in a weeklong day camp for inner-city children including recreational and research activities (for details of this setting, see Cicchetti & Manly, 1990) . Each day at camp lasted 7 hr, providing a total of 35 hr of interaction between children and camp counselors. During the summer camp, children were assigned to groups of samegender and same-age peers (mean number of group members ϭ 7.57, SD ϭ 1.57). During the summer camp, children completed instruments assessing the social behaviors of the peers in their group. In addition, camp counselors completed measures assessing the behavior of children in their group following each camp session. Finally, during each camp day, children provided cortisol samples following their morning arrival (9 a.m.), prelunch (12:30 p.m.), and afternoon predeparture (4 p.m.). Cortisol samples were taken at the same time for each child and at the same times each day of camp.
Measures
Aggression. Children's physically and relationally aggressive behaviors were assessed using a multi-informant approach given the limitations of many single measures of aggressive conduct (Xie, Cairns, & Cairns, 2005) . A number of researchers have argued that peer reports provide especially valid measures of relational aggression during childhood and adolescence because peers are more likely than others (e.g., observers) to be privy to relationally aggressive behaviors (e.g., episodes of relational aggression that occur in the bathroom; Bjorkqvist et al., 1992; Crick et al., 1999) . In addition, although peer nominations are the most commonly used measure of relational aggression in childhood (Crick et al., 1999) , some researchers have argued that peer ratings may be more sensitive in the identification of less obvious aggressors (Bjorkqvist, 2001 ). Thus, both peer nominations and peer ratings were included in the present study. Finally, counselor reports were included to gain an additional perspective regarding participants' aggressive conduct.
The first measure of children's aggression was an instrument developed in previous research for use with teachers (Crick, 1996) . In the present study, this instrument was used with camp counselors. Counselors were provided with statements about physically aggressive behaviors (four items; e.g., "This child hits or kicks peers"), relationally aggressive behaviors (five items; e.g., "When mad at a peer, this child ignores the peer or stops talking to the peer"), and prosocial behaviors (four items, positively toned filler items) and asked to rate how true each statement was of the target child on a scale from 1 (never true) to 5 (almost always true). Each participating child was rated by two of the three counselors for his or her group. Subscales were computed by summing across physical and relational aggression items, respectively. These subscales were then averaged across counselors, yielding overall physical and relational aggression scores. Evidence for the validity of this measure has been demonstrated in previous research (Crick, 1996) . Cronbach's alpha demonstrated high reliability of the measures for this sample, with ␣ ϭ .97 for physical aggression and ␣ ϭ .90 for relational aggression.
Second, participants completed a peer nomination procedure. The majority of children in each group agreed to participate in the peer nomination procedure (M ϭ 95%, range ϭ 75%-100%). Each child was asked to nominate one child in his or her group who fit the description of a physically aggressive child (this child "starts fights. He/she says mean things to other kids, or pushes them, or hits them") and a relationally aggressive child (this child, "when he/she is mad at someone, will refuse to play or talk to the person, will try to get others not to like the person, will spread rumors or talk behind the person's back"). The number of nominations each child received for each item was summed, standardized within group, and then standardized within the summer camp session (2003 or 2004) to yield relational aggression and physical aggression peer nomination scores.
Third, children completed ratings of their peers' physically and relationally aggressive behaviors. Children were provided with one item depicting a physically aggressive child ("starts fights, says mean things, pushes or hits others") and one item depicting a relationally aggressive child ("when s/he is mad at someone, refuses to play or talk to the person, will try to get others not to like the person, will spread rumors or talk behind the person's back") and asked to rate how true each item was of each peer in their group on a scale of 0 (not true) to 2 (very true). The rating scores received from each peer in the group were averaged to yield an overall peer rating of physical aggression and relational aggression for each child.
Composite physical and relational aggression scores were computed for each participant on the basis of their counselor report, peer nomination, and peer ratings of aggression. Relational aggression scores and physical aggression scores from each method were z-scored and then averaged to yield a composite relational aggression score and physical aggression score, respectively. The correlations among informants were all significant and tended to be moderate to large in size for physical aggression (r ϭ .51, p Ͻ .001, for counselor and peer nominations; r ϭ .71, p Ͻ .001, for counselor reports and peer ratings; r ϭ .67, p Ͻ .001, for peer nominations and peer ratings) and for relational aggression (r ϭ .37, p Ͻ .001, for counselor and peer nominations; r ϭ .42, p Ͻ .001, for counselor reports and peer ratings; r ϭ .53, p Ͻ .001, for peer nominations and peer ratings). The internal consistency of the composite aggression scales was acceptable, with ␣ ϭ .71 for relational aggression and ␣ ϭ .84 for physical aggression. Composite aggression scores were used in all analyses.
Salivary cortisol. Each day of the camp week, participants provided saliva samples following their morning arrival (9 a.m.), prelunch (12:30 p.m.), and afternoon predeparture (4 p.m.). Participants had not consumed food or drink for 30 min prior to cortisol sampling. In addition, cortisol samples were not taken after exercise or sports activities. Given its potential to influence cortisol activity, caffeine was not served at the camp. At each saliva collection, children were asked to rinse their mouth with water and then chew a piece of Trident original flavor sugarless gum to stimulate saliva production. After chewing the gum, children spit through a plastic straw into a 20-ml plastic vial, which was immediately frozen and stored at -40°C. Vials were transferred to Salimetrics Laboratories (State College, PA) on dry ice in weekly batches for assay. Saliva samples then underwent highsensitive enzyme immunoassay (using Kit 510k; Salimetrics). Samples were thawed, and 4 -5 1-ml aliquots were placed into 1.8-ml cryogenic storage vials and then stored at -80°C. When assayed, samples were thawed to room temperature and then centrifuged at 3,000 rpm for 15 min, and the clear top-phase of the sample was used for assay. These assays yielded scores of daily morning arrival, prelunch, and afternoon predeparture ambulatory cortisol, respectively, in mean micrograms per deciliter (g/dl). The procedure has a lower limit of sensitivity of 0.007 g/dl and has a range up to 3.0 g/dl. Composite ambulatory salivary cortisol levels were computed by averaging all available values across the 5 camp days for the morning arrival, prelunch, and afternoon predeparture, respectively. Cronbach's alphas indicated acceptable internal consistency of morning arrival (␣ ϭ .77), prelunch (␣ ϭ .66), and afternoon predeparture (␣ ϭ .58) cortisol.
Results
Generalized Linear Mixed Models
Descriptive information for study variables is presented in Table 1 . Inspection of the data indicated that cortisol was positively skewed at each time period. Thus, generalized linear mixed models (GLMMs) with correlated error terms (McCulloch & Searle, 2001) were chosen as the data analytic technique for examining change in cortisol over the day. GLMMs are an extension of regression models and utilize generalized estimat-ing equation procedures to estimate fixed effects (Liang & Zeger, 1986) . GLMMs were preferable to more traditional techniques (e.g., repeated measures analysis of variance) in the present analyses because they allow for nonnormal response data. GLMMs permit examination of mean change over time in the response variable as well as the role of covariates (e.g., aggression, maltreatment, gender) in this change. As such, GLMMs allowed us to investigate diurnal changes in cortisol and to assess the role of physical aggression, relational aggression, maltreatment status, and gender in this change.
GLMM analyses with a gamma distribution with a log-link for the response variable using the GENMOD module in SAS 9.1 for Windows were conducted in the present study. The gamma distribution with a log-link was chosen because it approximated the cortisol distribution well (i.e., cortisol was a positively skewed, continuous variable with positive values). In the first GLMM, an unconditional model exploring whether cortisol exhibited linear and/or quadratic change over the course of the day was conducted. A second GLMM explored whether physical aggression and relational aggression were related to daily changes in cortisol. A third and fourth GLMM were conducted to explore whether the association between aggression (physical and relational) and diurnal cortisol differed for maltreated versus nonmaltreated children and boys versus girls, respectively.
Describing Change in Cortisol Over the Day
The first GLMM examined mean change in cortisol over the day. We expected both linear and quadratic change in cortisol, with the highest levels of cortisol following the morning arrival, a steep decline in the early day, and then a leveling off by the afternoon predeparture. To address this mean change, we conducted a GLMM with a gamma distribution with a log-link. Identifying the gamma distribution with a log-link for the response variable in PROC GENMOD results in the specification of the log for this variable during model estimation (see Davis, 2002) . Thus, the equation for the unconditional GLMM was
where j is mean cortisol at the jth time point, ␥ 0 is the intercept (i.e., mean cortisol following the morning arrival), ␥ 1 is the strength of linear change in cortisol over the day, and ␥ 2 is the strength of quadratic change in cortisol over the day. l j represents the linear term (0 ϭ morning arrival, 1 ϭ prelunch, 2 ϭ afternoon predeparture) and q j represents quadratic change (i.e., the linear term squared). The results of this analysis, presented in Table 2 , indicated a significant negative linear and positive quadratic trend in mean cortisol over the day (see Figure 1 ).
Aggression and Cortisol Trajectories
The second GLMM assessed whether aggression was associated with the diurnal rhythm of cortisol and whether this association differed depending on the type of aggression assessed (physical vs. relational aggression). Given the overlap between physical and relational aggression (r ϭ .80, p Ͻ .001, in the present sample), the analysis was run including both forms of aggression so that the unique association between diurnal cortisol (intercept, linear change, and quadratic change) and each form of aggression could be assessed. In addition, because of the potential influence of age on diurnal cortisol, age was included to control for these effects. The following equation was used to estimate the fixed effects: (2) where j is mean cortisol at the jth time point, ␥ 0 is the scaling term for the intercept, and ␥ 1 , ␥ 2 , and ␥ 3 indicate intercept differences based on age, physical aggression, and relational aggression, respectively. ␥ 4 is the scaling factor for linear change, with ␥ 5 , ␥ 6 , and ␥ 7 representing the effect of age, physical aggression, and relational aggression, respectively, on linear change. In addition, ␥ 8 is the scaling factor for quadratic change in cortisol, and ␥ 9 , ␥ 10 , and ␥ 11 indicate the effects of age, physical aggression, and relational aggression, respectively, on quadratic change. Finally, a represents age in years, pagg represents physical aggression, ragg represents relational aggression, l j represents the linear term, and q j represents quadratic change.
The results of this GLMM are presented in Table 3 . Only findings not presented in previous analyses are detailed below. The results indicated that age was associated with cortisol change over the day. Older children exhibited heightened cortisol following the morning arrival, a steeper linear decline in cortisol, and a greater leveling off of cortisol by the afternoon predeparture relative to their younger peers (see Figure 2 for a comparison of children 1 SD above and 1 SD below the mean age). Relational aggression was significantly related to diurnal change in cortisol. The Relational Aggression ϫ Intercept interaction was significant, indicating that high levels of relational aggression predicted lower levels of cortisol following the morning arrival. Relational aggression was also associated with linear change in cortisol over the day. The findings revealed that higher levels of relational aggression predicted a more gradual decline in cortisol over the day. Finally, the association between relational aggression and quadratic change approached significance ( p ϭ .08), with higher relational aggression predicting a more gradual leveling off of cortisol over the day. In sum, relational aggression was associated with low cortisol; however, this effect was most pronounced following the morning arrival. High levels of relational aggression also predicted a less steep decline and a more gradual leveling off of cortisol over the day; in other words, children with high levels of relational aggression exhibited blunted diurnal change in cortisol relative to their peers. The cortisol trajectories for children low in relational aggression (1 SD below the mean) and high in relational aggression (1 SD above the mean) are depicted in Figure 3 .
Physical aggression was also related to cortisol trajectories. Physical aggression was associated with heightened cortisol following the morning arrival and a steeper decline in cortisol over the day. In addition, the association between physical aggression and quadratic change approached significance ( p ϭ .06), with higher physical aggression predicting a greater leveling off of cortisol. In sum, physical aggression was associated with relatively high cortisol following the morning arrival. In addition, a steeper decline and greater leveling off of cortisol over the day among children with high levels of physical aggression led these children to exhibit more pronounced diurnal change in cortisol than their nonaggressive peers. The cortisol trajectories for children low in physical aggression (1 SD below the mean) and high in physical aggression (1 SD above the mean) are depicted in Figure 4. 
1,2
Potential Moderators of the Association Between Aggression and Cortisol Trajectories: Maltreatment and Gender
The third goal of the present study was to examine whether maltreatment status and gender, respectively, moderated the association between aggression and diurnal cortisol. A GLMM was conducted to assess whether the association between aggression and diurnal rhythm 1 It is important to consider the specificity of the association between physical and relational aggression and cortisol dysregulation. In effect, because both physically and relationally aggressive behaviors are associated with internalizing problems (e.g., Crick, 1997; Murray-Close, Ostrov, & Crick, 2007) , and internalizing symptoms are related to cortisol dysregulation (e.g., Klimes-Dougan et al., 2001) , it is possible that co-occurring internalizing symptoms may account for the relation between aggression and dysregulated diurnal cortisol. Thus, we ran a follow-up model examining the association between physical and relational aggression and diurnal cortisol controlling for the effects of depression (Child Depression Inventory [CDI]; Kovacs, 1985) . The results indicated that the vast majority of effects presented in Table 3 remained statistically significant with this additional control. However, two findings dropped just below conventional levels of statistical significance in this follow-up. Specifically, the association between physical aggression and morning arrival cortisol dropped to p ϭ .07, and the association between relational aggression and linear change in cortisol dropped to p ϭ .06. It is important to note that power was reduced in this model owing to additional statistical control and a slight reduction in sample size (CDI data were missing for 28 participants). Moreover, these changes in significance levels likely reflect this reduction in power because the estimates for these effects were virtually unchanged in the follow-up model (the effect of physical aggression on morning arrival did not change, and the effect of relational aggression on linear change dropped from .18 to .17). Overall, then, these findings bolster the case that cortisol dysregulation is uniquely associated with aggression in particular and not psychopathology more generally.
2 Analyses were run to examine whether child age moderated the association between physical and relational aggression and diurnal cortisol. Results indicated that age was not a significant moderator of these effects. of cortisol differed for maltreated and nonmaltreated children. In other words, the role of maltreatment, aggression (physical and relational), and the interaction between maltreatment and aggression on diurnal cortisol was assessed. Preliminary analyses indicated that maltreatment was not associated with quadratic change and did not moderate the association between aggression and quadratic change. As a result, these effects were not included in the final model. The following equation was used to estimate the fixed effects:
where j is mean cortisol at the jth time point, ␥ 0 is the scaling term for the intercept, and ␥ 1 , ␥ 2 , ␥ 3 , and ␥ 5 indicate the strength of the association between maltreatment, age, physical aggression, and relational aggression, respectively, with the intercept. ␥ 7 is the scaling factor for linear change, and ␥ 8 , ␥ 9 , ␥ 10 , and ␥ 12 represent the effect of maltreatment, age, physical aggression, and relational aggression, respectively, on linear change. ␥ 14 is the scaling term for quadratic change, and ␥ 15 , ␥ 16 , and ␥ 17 represent the effect of age, physical aggression, and relational aggression, respectively, on quadratic change.
The model assessed whether maltreatment moderated the effects of physical and relational aggression on diurnal cortisol. Specifically, ␥ 4 and ␥ 11 assessed whether the effect of physical aggression on the intercept and linear change, respectively, differed for maltreated and nonmaltreated children. ␥ 6 and ␥ 13 assessed whether the effect of relational aggression on the intercept and linear change, respectively, differed for maltreated and nonmaltreated children. Finally, a represents age in years, mal represents maltreatment status (0 ϭ nonmaltreated, 1 ϭ maltreated), pagg represents physical aggression, ragg represents relational aggression, l j represents the linear term, and q j represents quadratic change.
The results of this GLMM are presented in Table 4 . Maltreatment was not related to morning arrival cortisol, and the interaction between maltreatment and relational aggression on the intercept was not significant, indicating that relational aggression predicted lower morning arrival cortisol among both maltreated and nonmaltreated children. However, the association between maltreatment status and linear change in cortisol approached significance ( p Ͻ .07), with maltreated children exhibiting a less steep decline in cortisol than their nonmaltreated peers. This effect was, however, qualified by a significant interaction of maltreatment status and relational aggression on linear change in cortisol, indicating that the more gradual decline in cortisol over the day among relationally aggressive children was more pronounced among nonmaltreated than among maltreated children (see Figure 5) . In other words, highly relationally aggressive children who were not maltreated exhibited a more blunted diurnal change in cortisol over the day than their maltreated counterparts.
Maltreatment did not moderate the relation between physical aggression and morning arrival cortisol. However, the interaction between maltreatment and physical aggression on linear change was significant, indicating that the steeper decline in cortisol over the day among physically aggressive children was greater among nonmaltreated children (see Figure 6) . In other words, highly physically aggressive children who were not maltreated exhibited more pronounced diurnal change in cortisol than their maltreated counterparts.
3
A parallel GLMM was run to assess whether gender moderated the association between diurnal cortisol and aggression. The equation for this analysis was the same as that presented in Equation 3, except that gender rather than maltreatment status served as the moderating variable. The results of this analysis (not shown) indicated that gender did not moderate the association between 3 Given research suggesting that pubertal stage is associated with basal cortisol levels (Halligan, Herbert, Goodyer, & Murray, 2004; Netherton, Goodyer, Tamplin, & Herbert, 2004) , all analyses were rerun controlling for the association between pubertal stage and cortisol. The findings indicated that all significant results regarding the association between aggression (both physical and relational) and diurnal cortisol were replicated when controlling for pubertal development. either physical aggression or relational aggression and cortisol over the course of the day.
Discussion
The first goal of the present study was to assess the association between diurnal change in cortisol and both physical and relational aggression. We expected that both forms of aggression would be associated with relatively low levels of cortisol following morning arrival and a blunted change in cortisol over the day. Consistent with these predictions, results indicated that high levels of relational aggression predicted lower levels of cortisol following the morning arrival and a more gradual decline in cortisol over the day. This blunted diurnal pattern was largely due to low early morning arrival levels of cortisol that remained low throughout the day. This pattern has been termed hypocortisolism and has recently been proposed to be an indicator of risk in development (for more extensive reviews, see Gunnar & Vazquez, 2001; Heim, Ehlert, & Hellhammer, 2000) . However, our findings are some of the first to suggest that hypocortisolism is also related to children's involvement in relationally aggressive behaviors (see Blades & Susman, 2007; Dettling et al., 1999) . These findings are consistent with both stimulation-seeking and fearlessness theories of aggression (Raine, 2002) . In effect, children with hypocortisolism may engage in relational aggression because it is a stimulating experience that increases their physiological arousal to more comfortable levels or because they are relatively unafraid of potential negative outcomes of their behavior.
In contrast to our hypotheses, physical aggression was actually related to higher levels of cortisol following morning arrival and a steeper decline in cortisol over the day. This finding is surprising and is not consistent with previous work indicating that physically aggressive children tend to have low basal levels of cortisol (e.g., McBurnett et al., 2000; Van Goozen et al., 1998) and blunted change in cortisol over the day (e.g., Gustafsson et al., 2006) . One potential explanation for this unexpected finding is that the association between physical aggression and heightened cortisol reflects the cortisol dysregulation in a subset of physically aggressive children: specifically, reactive physical aggressors. In fact, physiological correlates of aggressive conduct may differ for proactive versus reactive aggressors (Scarpa & Raine, 1997) . Proactive aggression is defined as planned and goal-directed aggressive behaviors (Crick & Dodge, 1996) . In contrast, reactive aggression includes impulsive, emotional aggression in response to perceived negative experiences such as provocation or frustration (Crick & Dodge, 1996) . Whereas proactive aggression may be most strongly related to the fearlessness and stimulation-seeking associated with low basal cortisol, reactive aggression is hypothesized to relate to increases in physiological arousal during stress (Hubbard et al., 2002; McBurnett et al., 2005; Scarpa & Raine, 1997) . Some research has provided evidence that aggressive individuals exhibit heightened cortisol reactivity following stress or provocation (Gerra et al., 1997; McBurnett et al., 2005) . Insofar as attending a summer camp is an even mildly stressful experience for children, the association between physical aggression and elevated levels of cortisol following morning arrival may reflect heightened cortisol reactivity among reactive physical aggressors. Future research should assess proactive and reactive forms of aggression, in addition to basal cortisol and cortisol reactivity, to test this possibility. A second potential explanation for these surprising findings is that patterns of hypocortisolism may be more strongly associated with relational rather than physical forms of aggression. Because most work in this area has failed to assess relational aggression, previous studies have not examined the association between cortisol and physical aggression while controlling for the effects of relational aggression. Given the relatively high correlation between physical and relational aggression (e.g., Crick & Grotpeter, 1995) , it is possible that co-occurring relational aggression accounts for the association between physical aggression and hypocortisolism found in previous research. In fact, in one study, relational aggression was associated with larger increases in cortisol over the day among young children in group child care than physical aggression (Dettling et al., 1999) . Thus, it is important to keep in mind that the present study examined the unique associations between each form of aggression and cortisol regulation. Additional research focused on diurnal change in cortisol should include assessments of both relational and physical forms of aggression to address this important point.
The second goal of this article was to examine whether gender moderates the relationship between aggression and cortisol, with cortisol dysregulation being more strongly related to relational aggression for girls and physical aggression for boys. Contrary to our hypotheses, the results indicated that cortisol dysregulation was associated with involvement in physical and relational aggression for children of both genders. These findings are consistent with a growing number of studies suggesting that low cortisol is associated with physical aggression among girls (e.g., Pajer et al., 2001 Pajer et al., , 2006 and is one of the first studies to provide evidence that cortisol dysregulation is implicated in the development of relational aggression among boys (although see Dettling et al., 1999) . However, other researchers have found that physiological correlates of aggression are more strongly associated with relational aggression for girls (e.g., Blades & Susman, 2007; and physical aggression for boys (Cicchetti & Rogosch, 2001b; . Moreover, patterns of flattened diurnal cortisol may be particularly relevant to the development of co-occurring internalizing disorders (e.g., Rosen & Schulkin, 1998; Yehuda et al., 2000) . Thus, hypocortisolism may be a prime candidate mechanism for future exploration of the epigenetic process contributing to gender differences in the development of psychopathology. As such, future research should investigate the conditions under which gender moderates the relation between cortisol dysregulation and physical and relational forms of aggression.
Finally, the third goal of this article was to examine whether maltreatment moderated the association between diurnal cortisol and aggression. Consistent with our hypotheses, the relationship between aggression and diurnal cortisol was stronger among nonmaltreated than among maltreated children. Specifically, both the association between relational aggression and a blunted circadian rhythm and the association between physical aggression and a steeper decline in cortisol over the day were more pronounced among nonmaltreated than among maltreated children.
These findings are consistent with the "social push" perspective, in which biological contributors to involvement in aggression are more influential among children who have a less strong social push toward such conduct (Raine, 2002; Raine & Venables, 1981) . It is important to note that all participants in the present study were relatively high risk, and thus the social push toward antisocial behaviors was strong in both the maltreated and nonmaltreated samples. Our findings suggest that even among populations experiencing very high levels of contextual risk, biological factors may be most important in predicting aggression among individuals with somewhat lower levels of social risk. The findings are also con- sistent with the developmental psychopathology tenet of multifinality, in which a particular risk factor does not lead to the same outcome in every individual (Cicchetti & Rogosch, 1996; Sroufe, 1997) . It is possible that the processes that underlie the development of aggression differ for maltreated and nonmaltreated children. Evidence suggests that maltreatment is associated with heightened involvement in both physically and relationally aggressive behavior (e.g., Cullerton-Sen et al., in press; Shields & Cicchetti, 2001 ), and maltreatment is related to cortisol dysregulation (Cicchetti & Rogosch, 2001a , 2000b . Given the overwhelming risk for aggression associated with maltreatment, it is possible that individual differences in cortisol circadian rhythms may be less influential in the development of aggression in this population. Overall, these results support the recent call among researchers for greater attention to how contextual risk factors, such as childhood neglect and poverty, may moderate the association between ag- Figure 6 . Association between physical aggression (Phy Agg) and cortisol over the day among maltreated and nonmaltreated children.
gression and psychophysiological processes (see McBurnett et al., 2005; Raine, 2002) . These results also provide support for the hypothesis that cortisol dysregulation relates to aggression specifically, rather than to life stressors more generally. Gunnar and Vazquez (2001) suggested that the association between cortisol and aggression may be an artifact of other factors that are correlated with aggression. In effect, the association between low basal cortisol and aggression may actually reflect dysregulation of the HPA axis resulting from chronic stressors common in aggressive children's lives (e.g., exposure to violence, poor parent-child relationships, childhood maltreatment). However, our findings are not consistent with this interpretation. Rather, the association between cortisol dysregulation and aggression remained even when controlling for maltreatment and was actually stronger among nonmaltreated compared with maltreated children. Thus, we propose that cortisol functioning is an important correlate of aggressive conduct and that this relation does not simply reflect an artifact of the relatively high number of stressors in aggressive children's lives. Future research should control for these potential stressors so that the specificity of the relation between cortisol and aggression can be assessed.
Limitations and Future Directions
Although the findings of the present study are both interesting and novel, a number of limitations must be acknowledged. First, in the present article, we propose that cortisol dysregulation leads to the development of aggressive behavior problems. However, it is also possible that involvement in aggression leads to dysregulated cortisol. Disruptions in peer relations associated with relational aggression during childhood may become a chronic source of stress over time (Blades & Susman, 2007; Dettling et al., 1999) , and several investigators have proposed that hypocortisolism results from allostatic adjustments to ongoing stress (Davies, SturgeApple, Cicchetti, & Cummings, 2007; Hellhammer & Wade, 1993; McEwen, 1998) . Thus, the association between hypocortisolism and relational aggression might reflect down-regulation of the HPA axis in response to chronic stress. We believe that it is likely that cortisol dysregulation leads to involvement in aggressive conduct, which in turn contributes to greater disruption of cortisol activity. However, longitudinal research is necessary to address this possibility.
Longitudinal work would also help clarify the role of low cortisol in the development of aggression over the life course. Although it is not clear how early in development the association between cortisol and aggression emerges, studies have documented this relation in children as young as 3 years of age (Dettling et al., 1999) . In fact, some researchers have suggested that cortisol dysregulation places children at risk for severe and persistent involvement in aggression and antisocial behavior (Van Goozen et al., 2007) . Consistent with this perspective, McBurnett and colleagues (2000) found that low cortisol was associated with early onset and severe aggression. This suggests that biological factors such as low arousal may be an especially strong predictor of life-course persistent antisocial behavior (Lorber, 2004; Moffitt, 1993; Raine et al., 1997) . Moreover, personality traits such as low self-control (Shoal et al., 2003) and compromised conscience development (Frick & Morris, 2004) may mediate the relation between low cortisol and aggression over time. Future longitudinal research is necessary to examine the role of dysregulation of diurnal cortisol in the development of persistent aggression and to explicate potential mediators of these relations.
A further limitation in the present investigation is the failure to assess cortisol reactivity and proactive and reactive forms of aggression. Given the surprising findings regarding the association between physical aggression and heightened cortisol following morning arrival, future research should explore the role of cortisol reactivity in the development of aggression (see McBurnett et al., 2005) . Studies examining the relation between diurnal cortisol and proactive and reactive aggression should also attend to the unique mechanisms that underlie the development of each form of aggression. Specifically, low physiological arousal may lead to proactive aggression through compromised socialization of conscience among fearless children (Frick & Morris, 2004) . In contrast, heightened physiological reactivity may lead to reactive aggression because it places children at risk for deficits in emotion regulation capabilities (Frick & Morris, 2004) . Future longitudinal research should consider these proposed pathways from cortisol regulation to proactive and reactive aggression.
In addition to the variable-centered analyses in the present study, future research may benefit from adopting a person-oriented approach to assessing the relation between cortisol dysregulation and aggression (see Bergman & Magnusson, 1997) . Given the overlap between physical and relational aggression, a personcentered approach would allow for the examination of diurnal cortisol among physically aggressive, relationally aggressive, and comorbid children. Such analyses could address a distinct set of questions, including whether co-occurring physical and relational aggression is related to unique patterns of cortisol dysregulation. Moreover, given research suggesting that individual differences in factors such as callous-unemotional traits and anxiety may moderate the association between aggression and cortisol functioning (e.g., Loney, Butler, Lima, Counts, & Eckel, 2006; McBurnett et al., 2000) , future research should examine whether these factors interact with aggressive conduct in predicting diurnal change in cortisol.
Future research may also benefit from examining the association between diurnal cortisol and aggressive behavior in other contexts (e.g., the classroom). In this study, participants were assigned to same-gender peer groups for activities during the camp. Using these groups for peer reports may have important implications for our assessment of aggression, as the threshold for nominating children as physically and relationally aggressive may vary by the gender composition of the peer group. For instance, a girl who exhibits moderate levels of physical aggression may be nominated by peers as physically aggressive when in a group of girls (who tend to exhibit relatively low levels of such behavior) but not when in a group including boys (who more frequently engage in such behavior). In addition, diurnal cortisol activity may differ when children engage in predominantly same-gender versus oppositegender peer interactions. Thus, it will be important for future research to examine the generalizability of the present findings by replicating this study in contexts involving mixed-gender peer groups.
Future investigations of the association between cortisol and aggression would also benefit from taking account of other relevant hormones. For example, Popma and colleagues (2007) found that testosterone was associated with overt aggression among delinquent boys with low cortisol levels. Given that there is evidence of a bidirectional relationship between testosterone and cortisol (e.g., Luine, 2002; Rivier & Rivest, 1991) , future studies on the developmental psychobiology of childhood aggression would highly benefit from the simultaneous measurement of both testosterone and cortisol levels (Viau, 2002) .
Future work in this area should also explore the role of emotion regulatory processes. Emotion regulation has been thought of as a set of heterogeneous processes by which emotions are modulated, thereby facilitating the function of emotions to coordinate multiple response systems (Levenson, 1999) . It has long been posited that emotional processes mediate adrenocortical responses to environmental stressors (for a more extensive review, see Stansbury & Gunnar, 1994) . For example, HPA reactivity has been shown to be affected by the perception of control over potentially threatening stimuli (Weiss, 1971) . Thus, one potential explanation of previous findings of the link between aggression and low cortisol levels may be that children who use aggressive strategies believe that such behaviors give them control over events in their social environment. Gunnar and colleagues have conducted studies that suggest that aggression activates the HPA system in normally developing children (as cited in Stansbury & Gunnar, 1994) . Thus, future investigations would need to delineate mechanisms that contribute to a reversed pattern of HPA activity for children who exhibit clinical levels of aggressive behaviors.
Finally, the experience of early stress such as childhood maltreatment may produce cascading effects on multiple domains of psychobiological development (e.g., limbic system kindling) that probabilistically constrain ways in which individuals approach new situations (Cicchetti & Tucker, 1994) . Thus, an important direction for further exploration is whether HPA-axis dysregulation mediates the association between child maltreatment and the development of aggressive behaviors. Past research suggests that impaired capacities to modulate attention contribute to emotion dysregulation in maltreated children, and this mood lability has been linked to reactive aggression (Shields & Cicchetti, 1998) . Of note, there is now emerging evidence that both maladaptive social information processing and emotion dysregulation partially mediate the association between maltreatment and aggression (e.g., Teisl & Cicchetti, 2008) . In sum, future investigations need to deal with the challenge of delineating factors contributing to the development of individual differences in emotion processing, HPA activity, and connections to the emergence of externalizing behaviors.
Conclusions
The results of the present study extend previous research assessing the association between salivary cortisol and aggressive conduct in three important ways. First, by assessing basal cortisol over the course of the day, we were able to examine the relation between aggression and diurnal change in cortisol. In fact, the results indicated that this is an important avenue for research, as aggression was associated with alterations in cortisol following morning arrival and changes in cortisol over the day. Second, this study provides one of the first assessments of the association between cortisol dysregulation and relational aggression in school-aged children. The findings indicated that both physical and relational forms of aggression were associated with neurobiological dysregulation of the limbic-hypothalamic-pituitaryadrenocortical system. However, our results support the view that the nature of this relation differs for physical (i.e., relatively high cortisol) versus relational (i.e., relatively low cortisol) forms of aggression. In addition, the findings indicated that the association between aggression and cortisol dysregulation was most pronounced among nonmaltreated children. Longitudinal studies in the future are necessary to assess the directionality of association between cortisol activity and aggression. Finally, important avenues for future research include the respective roles of other relevant hormones (e.g., testosterone) and emotion regulation associated with the developmental psychoneuroendocrinology of aggression.
